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Abstract. Over the years higher resolution Regional Climate Model simulations have emerged owing to the large increase in
computationalresources. The 12 km resolution from the Coordinated Regional Climate Downscaling Experiment forthe European
domain (EURO-CORDEX) is a reference, which includes a larger multi-model ensemble at a continentalscale while spanningat
least a 130-yearperiod. These simulations are computationally demandingbut not always revealing added value. In this study, a
recently developed regular gridded dataset and a newmetric for added value quantification, the Distribution Added Value (DAV),
are used to assess the precipitation of allavailable EURO-CORDEX Hindcast (1989-2008) and Historical (1971-2005) simulations.
This approach enablesa direct comparison between the higher resolution regional model runs against their forcing global model
or ERA-Interim reanalysis, with respect to their probability density functions. This assessment is performed for the Iberian
Peninsula. Overall, important gains are found for most cases, particularly in precipitation extremes. Most Hindcast models reveal
gains above 15%, namely for wintertime, while for precipitation extremes values above 20% are reached for the summer and
autumn. As for the Historical models, although most pairs display gains, regional models forced by 2 GCMs reveal losses,
sometimes around -5% or lower, for the entire year. However, the spatialization of the DAV s clear in terms of added value for
precipitation, particularly in precipitation extremes with gains well above 100%.

1 Introduction

From the last decades of the 20t century up to today, climate change due to anthropogenic gas emissions has become a major
concern for mankind. General Circulation Models (GCMs) are the primary tool used by the IPCC (Intergovernmental Panel on
Climate Change) to assess past, present, and future climate conditions. Overall, GCMs can capture the large-scale circulations of
the atmosphere and the ocean, together with their centennial to decadal variability and synoptic weather (Meehletal.,2007; Randall
et al., 2007; Stocker et al., 2014). However, the GCMs coarse resolution does not allow fora good representation of orography,
land-ocean-atmosphere interactions, or sub-grid processes (Randall et al., 2007; Rummunukainen, 2010; Soares et al., 2012).
Instead, these local processes rely often on parametrisations resulting in a poor description of processes such as convection and
thermalcirculations (Prein et al., 2015). Therefore, to bridge the gap between large to loca I-scale climate, downscaling techniques
were developed. These include statisticaldownscaling (Wilby et al., 1998; Khan et al., 2006) and dynamical downscaling (Gior gi
and Bates, 1989; McGregor, 1997; Christensen et al., 2007; Rummukainen, 2010), in which the latter makes use of Regional
Climate Models (RCMs). RCMs are run over a geographicaldomain (continental, national or regional) driven by a GCM, including
reanalysis, by means of the boundary conditions. RCMs are animportanttool for the representation of regional to local climates,
since they are run at much higher resolutions, nowadays between tenths of kilometres to the convection permitting scales, and
therefore can capture physically consistent regional to local processes and circulations (Giorgi and Mearns, 1991;1999; Leung et
al., 2003; Laprise, 2008; Heikkila et al., 2010; Soares et al., 2012a; 2012b; Cardoso etal., 2013; Rios-Entenza et al., 2014; Soares
etal.,, 2014). The gains foran individual variable or process of the higher-resolution RCM simulations against lower-resolutions,
given by the GCM or reanalysis driving the RCM, relative to observation, are commonly known as added value (Di Luca et al.,
2012;2013; Prein etal., 2013a;2016; Tormaet al., 2015; Rummukainen,2016; Soaresand Cardoso,2018; Cardoso and Soares,
2021; Caretoetal 2021).

In recentyears, the increase of computational resources hasallowed researchers to run simulations at larger domainsandresolutions
(Prein etal., 2015; Soaresetal.,2017; Jacobetal.,2020; Coppola etal.,2020). These often encompass anentire continen t, spanning
larger periods from a few decades to over a century. For instance, from the 20t to the end of the 215t century or from the 50 km
horizontalresolution from the PRUDENCE project (Christensen and Christensen, 2007) or the 25 km from the ENSEMBLES (van
der Linden and Mitchell, 2009), down to the 12 km resolution from the World Research Climate Program Coordinated Regional
Downscaling Experiment (WRCP-CORDEX, Jacob et al., 2014; 2020) for the European domain (EURO-CORDEX, hereafter).
Moreover, other examplesare the ideal case studies, employing simulations at kilometre-scale (Hohenegger et al., 2009; Kendon
etal., 2012;2014; Preinetal., 2013b; Banetal.,2014; Froidevaux et al.,2014; Fosseretal., 2017; Imamovic etal.,201 7; Leutwyler
et al,, 2017; Liu et al., 2017; Kirshbaum et al., 2018; Fumiére et al.,2020; Berthou et al., 2020), or the convection permitting
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simulations from the WRCP-CORDEX Flagship Pilot Studies focused overthe Alps (Coppola etal., 2020; Banetal.,2021; Pichelli
etal., 2021).

The evaluation and added value of higher resolution simulations constitute an important step to gauge their quality and usefulness.
Soares and Cardoso (2018) proposed a new metric to quantify the added value of higher resolutions with respect to their forcing
or lower resolution counterpart simulations. This metric is based on the ability of models in representing the observed probability
density functions (PDF). It relies on a distribution added value (DAV) which can be applied to either the full PDF or to PDF
sections, thusenabling an easy evaluation of extremesor any section of the PDF.

In the past, the hindcast simulations from the EURO-CORDEX were extensively evaluated, revealing gains for the main
meteorological variables (Kotlarski et al., 2014; Casanueva et al., 2016a; 2016b; Prein et al., 2016; Soares and Cardoso, 2018;
Herrera et al., 2020; Cardoso and Soares, 2021, Careto et al., 2021). Kotlarski et al (2014) assessed temperature and precipitation
atmonthly and seasonal timescales for the hindcast simulations, reporting slight improvements from EURO-CORDEX relative to
the ENSEMBLES (Van der Linden and Mitchell, 2009). Overall, the models showed to be able to capture the space -time variability
of the European climate. However, when considering averages over large subdomains and at the seasonal timescale, the higher
resolution simulations did not reveal noticeable improvements. Prein et al (2016) also assessed precipitation for both resolutions
of the hindcast EURO-CORDEX (50 km and 12 km)and found improvements, mostly in regions characterised by complex terrain
and in summertime precipitation, due to the betterresolved convective features. More recently, Herrera et al (2020) performed an
assessment for precipitation and temperature for an ensemble of 8 Hindcast EURO-CORDEX RCMs over the Iberian Peninsula.
The authors report a good spatial agreement between models and observations, namely for temperature. On the other hand, this
agreement decreases when extremes are considered. Nevertheless, the authors also report a larger uncertainty related to
observationsfor precipitation relative to temperature.

The first to quantify the added value of the EURO-CORDEX hindcast runs were Soares and Cardoso (2018), evaluating5 RCMs
forprecipitation at both resolutions (50 km and 12 km) considering their probability density functions with the station-based dataset
ECAD (Klein Tanketal 2002, Klok & Klein Tank 2009)asobservationalbenchmark. Thisstudy reported relevant added value of
the RCMs against the driving ERA-Interim reanalysis (Dee et al., 2011). Nonetheless, when comparing both resolutions, the
improvements are not as significant, with the exception for extreme precipitation. More recently, other studies such as Cardoso
and Soares (2021)and Careto etal (2021), used a similar DAVs technique to assess the added value for othervariables, simulations,
and domains.

The precipitation historical period EURO-CODEX simulations were also assessed for specific regions (Torma et al., 2015; Soares
etal, 2017; Ciarlo et al., 2020). For instance, Torma et al (2015) evaluated precipitation overan alpine area, whereas Soares et al
(2017) assessed the same variable but for Portugal. Both studies describe the ability of the higher resolution runs in simula ting the
mean spatialand temporal patterns of precipitation, as well as their distributions. More recently, Ciarlo et al (2020) assessed the
added value of all available EURO-CORDEX and CORDEX-CORE (Gutowski et al., 2016) simulations for precipitation, also
considering a probability density function metric. The authors found added value, particularly at the tail of the distributions,
however, they also report a significant uncertainty linked to the observationaldatasets in the results.

Inthis study, the DAV metric is used to assess the added value of precipitation for all available 12 km resolution simulations from
the EURO-CORDEX Hindcast (1989-2008) and Historical (1971-2005) set. The added value is then computed comparing the
RCMs precipitation results versus their corresponding driver GCM or ERA-Interim reanalysis, where the recently developed Iberia
Gridded Dataset (IGD, Herrera et al., 2019) is considered as baseline. The IGD is a high-resolution dataset, with 0.1° resolution,

andis based on a large numberof weather stations covering the entire Iberian Peninsula. Thus, a new and unprecedent assessment
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of the added value in the high-resolution EURO-CORDEX regional simulations is performed for this domain, with observations
ata similar resolution scale. The next section introduces the data and a description of the methods considered. The results and

discussion are presented in the following section. Finally, the main conclusions are drawn in the last section.

2 Data and Methods
2.1 Iberian Gridded Dataset

A recently developed dataset, the Iberian Gridded Datasetat0.1° resolution (IGD, Herrera et al 2019) is used asa baseline for the
added value assessment. This dataset was built by considering an unprecedented number of weather stations — 3486 (275) for
precipitation (temperatures) overthe entire Iberian Peninsula for daily precipitation, maximum, minimum and meantemperatures,
spanning over 45 years, from 1971 until the end of 2015. The authors performed a comparison with E-OBS v17 and v17e,
confirming the ability of this new dataset in reproducing the mean and extreme precipitation and also the temperature regimes.
Both datasets are comparable, yet statistically different. Since a large number of stations were considered, particularly for

precipitation, IGD should reproduce more realistically the climate of the Iberian Peninsula.

2.2 EURO-CORDEX

The aim of CORDEX is to develop a coordinated ensemble of high-resolution Regional Climate projections to provide detailed
climate data forall land regions of the world, atuser-relevant scales, and support climate change impactand adaptation research
(Giorgi etal., 2009; Gutowski et al., 2016). All modeldata isavailable at the Earth System Grid Federation portal (William s etal.,
2011). The EURO-CORDEX (Jacob et al., 2014; 2020) is a branch from the international CORDEX initiative and consists of a
multi-model ensemble of simulations at 50 km, 25 km, or 12 km resolutions for a European domain. These simulations consist in
Hindcast for the 1989-2008 period, forced by the ERA-Interim Reanalysis (Dee et al., 2011), and Historical/Scenario simulations
driven by the Intergovernmental Panel on Climate Change Coupled Model Intercomparison Project — Phase 5 (IPCC-CMIP5)
GCMs covering the 1971-2100 period. All simulations are available at the Earth System Grid Federation portal (Williams et al.,
2011; https://esgf.linl.gov/).

The information regarding the simulations used are summarised in Table S1 for Hindcastand Table S2 for the Historical. For all
models, the added value is computed forthe common Iberian Peninsula domain shown in Fig. 1, where prior to all computations,
all RCM model data was first conservatively interpolated (Schulzweida et al., 2009) into this observational domain, while the
observations were interpolated into each low-resolution grid. Thus, the evaluation of the EURO-CORDEX regional models is
performed atthe 0.1° regulargrid, while atthe sametime the GCMsor ERA-Interim (0.75°) are evaluated at theirnative resolutions
(see table S2 for each GCM resolution).

2.3 Distribution Added Value

The Distribution Added Value (DAV) is a metric put forward by Soares and Cardoso (2018) which allows assessing in a direct
way the gains or losses of using higher against lower resolution models relying on their Probability Density Functions (PDF), by
having an observational dataset as reference. DAV uses the PDF skill score proposed by Perkins et al (2007) to measure the
similarity betweentwo different PDFs. In order to compute this metric, first, a PDF must be built from the data. In this work, two

slightly different methodsare considered forbuilding the PDFs to assess the daily precipitation from the EURO-CORDEX models.



145

150

155

B

42°N +-

L e S e e SR s ———— =
/A : 1 ! Ok i
380N {----{-- O I e e s SRR prmmrennmeen]
—8°W  —6°W  —4°W  —2°W 0°E 2°F
[
0 400 800 1200 1600 2000 2400

Elevation (m)

Figure 1. Orography from the Iberian Gridded Dataset for the Iberian Peninsula at 0.1° horizontal resolution

In the first method the precipitation values are accumulated within each bin, thus returning a precipitation intensity distribution.
While the second one considers the number of events that fall into each bin, thus returning a precipitation frequency distrib ution.
Then, a normalisation is carried out by dividing each bin by the sum of all data considered as input for the PDF (Gutowski et al.,
2007; Bobergetal., 2009; 2010). With this normalisation, one can more accurately compare the results between seasonsor regions
(Soares and Cardoso, 2018), but also, changesin PDF are identified more straightforwardly (Gutowski et al., 2007). Each bin has
a width of 1 mmday ! to avoid excessively fine and potential noisy steps in both methodologies, thus satisfying the criteria
proposed by Wilks, (1995). All DAVs are computed by only considering the wet days, i.e., dayswith precipitation equalor above
to 1 mm, as models tend to overestimate the days with very small precipitation amounts (Boberg et al., 2009; 2010; Soares and
Cardoso, 2018). For either methodology, the score is given by the sum of the minimum value obtained at each bin between the

models PDF and the observational PDF:
S = X"min(z™, 70bs) 1)

Where nis the numberof bins forthe PDFs, m denotesthe high or the low-resolution simulation and obs is the observational PDF.
For precipitation, the limits are bounded between 1 and 300 mm, roughly corresponding to the maximum precipitation rate in IGD.

Subsequently, the DAV metric is then computed as follows:



160

165

170

175

180

185

190

195

DAV = 100 » 25t @)

ir

with the subscript hr depicting the high resolution and [r the low resolution. The DAVs return the fraction or percentage of gains
or losses of value by downscaling the low-resolution runs. With the normalisation of the PDFs, the contribution from each bin to
the overall score of a particularmodelis more relevant for the lower bins, decreasing when approachingthe tails of the distribution.
If fora specific bin there is no modelor observation data, then the contribution of thatbin would be 0. By definition, the maximum
value for S is 1, where if a specific model overestimatesthe observable PDF in one section, thenit will inevitably underestimate
in another section. Both these scenarios lower the score of individual models. DAVs is a versatile metric with the advantage of
being able to be computed for PDF sections, which is useful forthe extremesadded value characterisation. In thisstudy, the added
value assessment is performed by considering not only the whole PDF but also for an extreme precipitation PDF section, where
only valuesabove the observational 95t percentile are accounted for. Since the resolution difference between observationsand the
high-resolution models is approximately 0.01°, this threshold is computed from the observations at the original resolution, while
for the low-resolution driving models, the percentile is obtained from the interpolated observations.

For the DAVs assessment, firstly, a regional approach is considered by pooling together all data from the Iberia Peninsula, thus
computing the added value for the entire domain. Secondly, a spatialapproach is performed, where all data within each grid cell
from the low-resolution simulation are pooled together, returning a DAV’s spatial view, instead. Therefore, the Iberian overall
value does not represent a mean from the spatial DAVs. Although the results should be similar, one must consider that different

behaviouris expected, and care must be taken when comparingthe results.

3 Results and Discussion
3.1 Hindcast (1989-2008)

This section presents the results for the EURO-CORDEX Hindcast (1989-2008) simulations, by applying the DAVs metric to
precipitation and precipitation extremes. All results have the IGD as a reference. The precipitation PDFs are shown in the
supplementary material. Figure S1 root to the results displayed in Fig. 2. Two different approachesare performed, one following
a precipitation intensity PDF (left panels in Fig S1) and a precipitation frequency (right panels in Fig S1). Overall, the high-
resolution RCM simulations capture better the observable PDFs, contrary to their lower-resolution counterparts. This behaviour
suggests an expected andoveralladded value of the high-resolution runs relative to the coarser resolution overthe Iberian Peninsula
domain, forboth the annualand seasonaltimescales. Contrastsare visible forboth methodologies, where for precipitation intensity,
the differences between the low- and high-resolution PDFs are more perceptible, particularly at bins below the percentile
thresholds. Thus, one can anticipate a generalised larger added value. On the other end, for precipitation frequency, and for the
lower bins, the pdfs show a closer representation, almost overlapping, resulting in lower DAVs. Moreover, low-resolution runs
tend to overestimate considerably the lower rainfall bins, and in consequence of the normalisation, the higher bins, roughly above
the 15 mm day~! are underestimated. The same occurs for the high-resolution runs, howeverata lower degree, hence reproducing
more reliably the observable PDF.

InFig. 2,the DAVs for the entire Iberian Peninsula are shown, revealing important gains of the EURO-CORDEX Hindcast high-
resolution simulations in comparison to the driving ERA-Interim. Fig. 2a displays the DAVs for precipitation intensity considering
the whole PDF with larger gains atthe annualscale for 11 models, which have a DAV equaloraboveto 10%. From these CCLM,
ETHZ, CNRM63, and SMHI models stand out surpassing 18%. CNRM53, ICTP, and IPSL RCMs show lower gains, ranging
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Figure 2. Yearly and seasonal distribution added values (DAV) of the Iberian Peninsula, between the RCMs and the ERA -Interim
reanalysis for the 1989-2008 period, taken from the Hindcast EURO-CORDEX simulations, with the IGD regular dataset as a reference
for (a) daily precipitation intensity, considering the whole PDF shown in the left panels of Figure S1, (b) daily precipitation frequency
considering the whole PDF shown in the right panels of Figure S1, (c) daily precipitation intensity extremes, only considering the values
above the observational 95" percentile shown in Figure S1 left side and (d) daily precipitation frequency extremes, only considering the
values above the observational 95" percentile shown in the right side of Figure S1. All RCM data were previously interpolated to 0.1°
regular resolution from the observations, while the observations were interpolated into the ERA-Interim resolution

from ~5to 10%. In winter, spring, and autumn the models roughly reproduce similar DAV valuesseen atthe annualscale, however
this is not the case for summer. Of all seasons, summer has the lowest performances, particularly CNRM53, DHMZ, and IPSL
showing a detrimental effect ranging from -0.2 % to -6%. In fact, summer is the season where models display more difficulty in
capturingthe precipitation features, since it is the driest season forthe entire Iberian Peninsula and precipitation is mostly associated
to water recycling through soil moisture atmosphere feedbacks (Rios-Entenza etal., 2014)., In addition to the added importance of
lower precipitation rates which models overestimate (Boberg et al. 2009; 2010; Soares and Cardoso, 2018), the representation of
soil moisture in any modelis still very challenging thusthe weakerperformance of the RCMs s not surprising. In fact,the summer
PDF for the precipitation intensity (Fig. S1), in comparison with the other seasons, reveal a higher overestimation for the lowest
bins and an underestimation in the tails, thus reducing the downscaling added value. Additionally, ERA-interim assimilates soil
moisture and temperature, near surface temperature and humidity thus constraining the local land -atmosphere feedbacks and
improving its added value.

While Fig. 2a shows the added value for the precipitation intensities, Fig. 2b considers the precipitation frequencies. The overall
DAVs are lower, yet the models reveal similar differences, with the same models showing maximum DAVs in Figure 2a also
present in Figure 2b. Inthis case,4 modelsreveal some detrimental effectsassociated with the downscaling of ERA-Interim atthe
annual scale. For instance, the underperformance of the downscaling ICTP is highlighted with the negative values at the yearly
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scale derived from the poorer performance for winter and autumn. Similar to the precipitation intensity, summer has the lowest
DAV values, but in this case 11 out of 13 models reveal losses, in particular DHMZ, KNMI, and MOHC with negative DAVs
superior to -7%. Infact, Herrera et al (2020) reported a bad performance forthe DHMZ RCM for all the metrics. Inthe opposite
sense for most RCMs, winter and to some extent spring and autumn revealgains, particularly winter with DAVs above 7% for 4
RCMs. In Herrera et al (2020), all regional models assessed against the same IGD still reveal strong biases for precipitations.
Nevertheless, the gains found here for either precipitation intensities (Fig. 2a)and frequencies (Fig. 2b) still reveal improvements
in comparison to the driving ERA-Interim reanalysis. Moreover, in Soares and Cardoso (2018) the Iberia displayed larger added
value in comparison to the other regions analysed.

The next panelshows the DAV metric butapplied only for valuesabove the observational 95t percentile, where the normalisation
is carried out considering justthe bins above thisthreshold, thus only inspecting the added value related to the extremeprecipitation
tail. Previous studies such as Soares and Cardoso (2018) and Ciarlo et al (2020) reported more relevant gains when looking into
extremes, with a few exceptions. Instead, results from Fig. 2c reveal lower DAVs compared to the whole PDF case (Fig. 2a), yet
noteworthy. The same was reported by Soares and Cardoso (2018) for the Iberia Peninsula, despite the low station density
considered, the DAVs reveal smaller values for the extremes and higher for the PDF as a whole. At the annual scale, 4 RCMs
reveal similar performancesin comparison to the driving simulation, while the other RCMs have added value above ~10%. From
all seasons, winter reveals4 RCMs with slight detrimentaleffects, contrastingwith the results obtained from the otherseasons and
against Fig. 2a. The downscaling shows a better performance, i.e., a larger added value, for the summer and autumn season for
more than half of the RCMs, of which they display gains equal or superior to 15%. The gains for the summerseason where most
precipitation is convective (Azorin-Molina et al., 2014) are relevant, as low-resolution models have trouble in capturing these
highly spatialand temporal heterogeneities, due to shortcomings associated with the parametrisation of convection (Prein et al.,
2015). Spring also revealed high added value for almost all RCMs, ranging from 7.4% to 16.6%. The exception is for the DMI
model which has limited to no added value throughout the year, apart from autumn. In fact, this RCM is the only one showing a
similar performance to the driving simulation for 3 seasons. In Herrera et al (2020) most models overestimate the 50-year return
period for precipitation extremes for a large part of the domain, which is in line with the results shown in Fig. S1. However, the
low-resolution models cannot reproduce such high precipitation rates, which in the end results into added value, despite the
overestimation.

For the precipitation frequency extremes (Fig. 2d), the DAV valuesare almostalwaysslightly lower in comparison to precipitation
intensity (Fig. 2c), but larger than Fig. 2b. The similarity across both methodologiesat the yearly and seasonalscale is clear, where
summer and autumn reveal larger gains, while for spring and winter most RCMs display gains close to 10%. The exceptions are
DMI, GERICS, MPI, and MOHC, namely for winter and autumn with more limited DAVS.

Figure S2 from the supplemental material displays a slightly different approach than in Fig. 2. In this case, all model data was
previously interpolated to the 0.1° resolution from the observations. A conservative remapping of precipitation was considered
(Schuzweida et al., 2009), resulting in a smoothing of the precipitation field, which do not significantly impact the PDFs from
ERA-Interim. On the other hand, by upscaling the IGD, part of the original variability is conserved, thuschanging the intensity or
frequency within each bin. These differences result in larger gains for Fig. S2 in comparison to Fig. 2. Nevertheless, the overall
inter-model variability is close between these two metrics.

Figure 3 displays the same metric used in Fig. 2, but from a spatialoverview. Here a differentapproach isimplemented, where the
percentiles and PDFs are computed by pooling together all information only within each grid cell from the low-resolution driving

model. Fig. 3a displays a spatialisation of the added value forthe full precipitation intensity PDF, revealing a notable added value
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Figure 3. Yearly and seasonal spatial distribution added values (DAV) of the Iberian Peninsula, between the RCMs and the ERA -Interim
reanalysis for the 1989-2008 period, taken from the Hindcast EURO-CORDEX simulations, with the IGD regular dataset as a reference,
for (a) daily precipitation intensity, considering the whole PDF, (b) daily precipitation frequency considering the whole PDF, (c) daily
precipitation intensity extremes, only considering the values above the observational 95t percentile from each ERA-Interim grid point
and (d) daily precipitation frequency extremes, only considering the values above the observational 95th percentile from each ERA-
Interim grid point. All RCM data were previously interpolated to 0.1° regular resolution from the observations, while the observations
were interpolated into the ERA-Interim resolution.

for most of the domain, asexpected from the results obtained from Fig. 2a.In general, the gains are larger forthe coastal areasand
the Pyrenees throughout the year, due to a better representation by the higher-resolutions of the land-sea and topographically
induced circulations. The more expressive gains forcoastalareas, particularly forthe Mediterranean, were also observed in Careto
et al (2021) for maximum and minimum temperatures. Similar to Fig. 2a, most models for winter, spring, and autumn mostly
display locationswith large added value. For summer, the gains are more focused in the southern part of the peninsula, albeit most
models still reveal noteworthy percentages for the central and northern locations. RCMs such as CNRM53, ICTP, and to some
extent IPSL reveal sites in the Iberian interior with low or even negative added values. Those have a clear impact on the results
shown in Fig. 2a. Moreover, DHMZ which was revealed to have the minimum value in the summer regional overview, displays
some points in Fig. 3a with havinga slightly detrimentaleffect, ~-10%.

In contrast with Fig. 3a and following the results from relative precipitation frequency in Fig. 2b, Fig. 3b shows an overall smaller
added value, following a very similar inter-model difference. While for precipitation intensity, values easily surpassed 50%, namely
near the coast, here the gains are more limited, going up to 30% in some coastalsites. Moreover, for the same models which had
a lower performance in the regional overview, particularly over the summer season, locations emerge having DAVs of ~-10 % to
-15 % in comparison with the driving simulation. Nevertheless, for the same season, all models reveal large added value for the
southern Peninsula, mirroring Fig. 3a. However, these positive values are not enough to reverse the losses found for the entire
domainin Fig. 2b. The regional overview of the DAVs is not a mean from the spatialisations and thus, care must be taken when
comparing both figures. For instance, the ICTP model in Fig. 2b had the worst overall performance with negative values forall
time scales, while in Fig. 3b the picture is different. ICTP only shows negative percentages at the annual and for the winter and

autumn seasons. On the other hand, DHMZ which had the minimum DAV in Fig. 2b, still reveals locations with large gains.

The picture for the extreme precipitation intensity and frequencies is completely different (Figs. 3c and 3d). Here the gains of the
high-resolution relative to the ERA-Interim reanalysis are evident when moving to more local scales. Moreover, the contrast of
valueswith the extremes shown in Fig. 2, highlights the difference in both methodologies. For the spatialisation, each point of the
low resolution only considers the amount of information available within, whereas, in Fig. 2, all data isconsidered. Inthe former,
there are fewer valuesabove the observationalpercentiles and even less for the seasons, contrasting with the high-resolution. This
fact highlights the difficulty in the representation of extremes by the lower resolutions models, resulting in added value. M oreover,
in Fig. 2, precipitation intensity showed higher DAVS, while for Figs. 3c and 3d, the results are similar between themselves, with
points revealing gains above 250%. Still, at the annual scale, in comparison to the individual seasons, it is possible to see lower

percentagesover the centre of Iberia, highlighting the improvementsnearthe coast.

3.2 Historical (1971-2005)

This section displays the same metric, but applied to the Historical simulation, covering the 1971-2005 period. For this case, the

same RCM could be forced by different GCMs, however, the results do not necessarily haveto agree. In fact, following the values
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from Fig. 4, the different performances are more closely related to the different GCMs themselves than across the same high -
resolution models. This enforcesa weak or even no relationship between a single RCM forced by different GCMs. Moreover, any
comparison with the previous Hindcast (Figs. 2 and 3) is hindered, not only owing to these differences, but also due to different
time periods. Nevertheless, the range of DAVs for the Historical is considerably higher. Figs. S3 and S4 display the PDFs of
models and observations. In the first all modeldata were previously interpolated to the 0.1° resolution of the IGD observations, as
forthe last, the PDFs from the GCMs are kept at theiroriginal resolutions, while the observationswere interpolated into ea ch GCM
grid. Thus, the PDFs for the RCMs in Fig. S3, together with the PDFs in Fig. S4 root to the DAVs shown in Fig. 4. Following the
results from the Hindcast simulations, there is a stronger agreement between all PDFs for precipitation frequency (right side of
Figs. S3 and S4) in comparison to precipitation intensity (left side of Figs. S3 and S4), namely for the lower bins, anticipating a
more difficulty in obtaining added value forthe first.

The precipitation intensity with respect to the whole PDF is shown in Fig. 4a. For most cases, there exists some or even a larger
added value. From those, models forced by the NCC GCM are highlighted with having the highest added values forall time scales,
namely at the annual, with values above the 30%. For this GCM group, only the winter season displays slightly lower gains for
some RCMs, yetstill noteworthy. IPSL-LR-GERICS also display large gains atthe annualscale, reaching 28%, contrasting with
the slightly lower results for the individual seasons. The other GCM groups do not reveal such a relevant added value, namely
models forced by CNRM, ICHEC1, ICHEC2, IPSL-MR and NOAA with gains ranging between 5% to 20%. Despite the overall
gains, some models driven by CNRM for winter, spring, and summer reveal an absence of added value. Moreover, all ICHEC1
driven RCMs for winter, ICHEC1-DMI forspring, and some RCMs driven by ICHEC2, particularly for summer, reveal small and
sometimesslightly negative percentagesbounded between -5.7% to 0.4%. While the previous pairs still reveal some gains, MPI1
mostly show neutral percentages, oscillating between -6.9 % and 8 % indicating a closer performance between low and high
resolutions in comparison with the cases before mentioned. As for MP12 and MPI3, the RCMs driven by these two GCMs also
reveal neutral percentages for almost all time-scales, with valuesup t0 9.5 % for MPI2-ETHZ forautumn. Following the previous
results, the MOHC driven RCMs also show lower gains, but in this case also some detrimental effects in 7 RCMs at the annual
scale, thushaving the worst results amongstall GCM-RCM pairs. From these same RCMs, at least one season also displays losses
up to-13.8%. Nevertheless, MOHC-CCLM and MOHC-ETHZ reveal valuesclose to 0 % throughout the year.

The different behaviour across the downscaling of each GCM group may be related not only to their resolution but also to the
performance and quality of the GCMs itself, mainly within the lateral boundary forcing zone and also on the storm track
positioning. For instance, Brandsetal (2013) describes the MPl and MOHC asthe best performing GCMs over these regions. This
implies a more correct representation of the circulation in comparison with other GCMs. In fact, Zappa etal (2013) described the
MOHC GCM by having a correct placement of storm tracks. However, a good performing GCM in terms of circulation, from
which the RCMs inherit, does not translate into added value for the downscaling products. In fact,the Perkins skill score of these
lower resolution models is higher, with 0.95 for MOHC for instance. This high score value implies an added difficulty for the
downscaling RCMs in revealing added value. On the other hand, Jury et al. (2015) refers to the IPSL_MR as having a poor
performance for upper-air variables over the same forcing region. Moreover, table 6 from McSweeney et al. (2015) resumes the
overall performance forthe individual GCMs, with CNRM, NOAA, MOHC and MPI as having a good performance; IPSL_MR
and NCC with an intermediate performance; ICHEC and IPSL_LR with a poorer performance. In fact,the RCMsdriven by either
the MOHC or MPI GCMs have a difficulty in obtaining added value, whereas the models driven by NCC or IPSL_LR clearly
display added value. The resolution of the GCMs can also play a majorrole in the added value of precipitation. For instance,

although NOAA GCM reveals a good performance (McSweeney etal., 2015), atthe same time it has one of the lowest resolutions,

11



(@)

Precipitation Intensity 0-100

iy i |

£
= 4 =
§ R A
L . B B B
BERERERE]
EERERE
oo & |¢ |
ERERERE
(BEREAED K
= [ nwlale]|n
KRR RS K
S m e 2|2
L ENERER)
Elm |28 e
e |m im0l e
EENES N K
elrn|nlela
ER I O -
LA - B T - T |
IR 2R3
I R P e
SR AR |4
~|n | ® | 4w
é [ &4 | W &8 | A
Elg|n|m|.e
a2 | n w | m
5 |9 | n & =
R
é |k | @B N &
Hle|nmla|le
AR R 83
R
EAER K
s|2|8|a|a
ERER R
AR L B
<= | = | m | =
LR
12lz5lalsg
@ | m e | w
2 | n a2
a s |83
s |m e | s |3
EREEEE- R
@ | m|A8 g
| @ | w | &9
nle|aln]=
.~ | ® |8 3ly

122

[ [N
e | n |2
HEERERE
332 3|3
EEEARAEAE
@ | % .
g |F|% |
@ | R |7 | = %
s g |9 |94
e = |m . |@
EREN NN
AEEIEE
HIERER R E
E|+|w 8|3
slslnlals
2 |e e 8|8
2|2 (2 | nle
g 7 |n|&|&
IR
LAERERERN]
e [e[alnlwa
AERERRERE]
8 me | R.
L T T
e (o= o=
ENEEEN
2 |~ | =2~ 9
RIS |R|& |42
HEHHBE
LR R
CENC ERL
z L 5 € 2
T 0 2 = 9@
= = @

s e e |w]|n
kK| 8 |8 |«
2 e |[® 2|
2~ [R X"
R
S| |R N |-
2 " "
HEIEIEE
nle|a|n]|=
- - R
5 % [ | =
(3| |3 |3
. =
il3)|%]% 43
1BHBE
m |~ e ||
RN
mo| o~ | e | w | w
8 lafe|n|a
m o |n|n|a
AR K
R ERERE
2 |ls|v|9 |7
+[=a[=~]a]2
AESRAEN
LR
RN K
e |8 |~ |8
EIEIENE
FEEEEREE
S|d |7 3|3
S | s [% |8 |8
HEIERRERE:
&8 m|e | =
4 | & | m | A -
[ I I P
A B A
ji..,,;.u
R
=]
Ol | n|al=a <
alf 8RR
Q= |3|nle|a
R I
LI R
s ® | 44| e
=lalalele
_-14212
nlinls]s]a
HEAEREA RN
e = |2 |~ |«
HEREAE IR
HEIBBEBE
x
EEAERERERR:
o
ala|n o =
m.mllz,l,
o
I I R
m = e | ™o
PR = A )
s o= |ela
AR
L B A B ]
Nols e | N e
R A )
~
I A O
[ S PR R
s|A|3|¢|s
e |m N |m |
1% |7 |7 0%
o lnle|®|a
Sleld |9
w [ m [ n @ | n
alalf]e|a
AR
w2 x| m =
EEE AR
2 |m s |e
s lo A |~ |7
sl=lalala
N8| e | A |a
alnlalale
| @ |~ | & |~
wlalaelq|a
I I
[N I I R
AlAle || A
=lelalnla
T
22 |o e |-
A ERRAR AR
slm e n e
BT = A
wle|mn | n |«
ERE
| N |e | Mo
EI I I - B
z & = 4 =z
g2 8« = ¢
> z »

(c)

Precipitation Intensity 95-100

22.7|[LEY

03 |46 7.4 |57 (101530
1.8 | 9.0 18.0 | 18.4 | 17.4 | 0.3

3
EH
3 ERE
; : HEE
E o9 r e
g 2 i 3
il i3
I HEE
o= EREE
s | 7 R|A
e n e
S 5| &
@ [ = - "
< .;u
3 HE
m|e 2|3
R K| g
o FRIE
s |4 P
- E
iR LK
o ]
7 8 I
- | = - .
s | = L I
2 -
@ [ w - | =
& [ m 5|3
o 2 rl =
1% il
m | m e |~
A |4 FAE]
a3 mln
é (e A
o | m T =
I HEE
3|2 2|z
B HHE
H ERE
w |
¢ |
@ |
g3
R
@
A
-
A
A
b
0]
2

123 | 159 ETEY 1.4

208

MM (12018154 43 0 (122 [127| 03 |56 | 5a | 37 [s07| 102 | 00 |10 srs| 65 |13afuma) 03 | 73| 30 [ue| ws || we 133 108] 05 | 05 fs] 0 [ 61 | ne 20 [ 1o |as]as]|se ana] 30| as | 55 |23] 0s [ERses a0 EEUEE

3
o
-
1
i
= N
LN A
FHE]
A3
® | =
LA K
@ | - L
g | w LR
@ [ m e |
« | & é |
= 5
A |3
< [ = P
& | 5 & R
e B =
¢ % Al9
L] ® N
ik * |4
w | = -
& | B é |5
i3 R
el hn w |2
2= ¢ | 7
i -
a € =
3
> 0

a8.8 483 487

"

: B
" ala
] 2|8

B4 FRE

LI T I s B Y

8w |3 |8 |-

IHHBE

wlmnlagln

Sle [ |&|%

+ | ® [ n | ® |~

[ = B I B

I P P

I I T O

o | % | w | o«

2 (8|3 |3]3

8= lalgl=

ER I -

n|% || e | o

S| F [ |e |

nle|=|2]|e

SR [d 4R

" ° ~

n.m..,.m_.,.,

L T I )

L - T I B

R

P I I

w e [~ | N

é |4 & |8 |8

m |y o [w] o
ol |%|~|a]|F
=1 El
AR AR
n "

a2 = | w |~
= A - - A A
WJ._;,..,-,
HEN - ERENE
] ~
S| f|e|a|R|%
=

" [RIE
mg‘mmuku
[

o | n|= |0 |=
HERREEEAERE]
] N
Sl lnnla]e
M-.u-,.,.:,
e le s wle
2 3|d|=|% 3
Yiolgn|lalx
Ve |28 ||«
¢ L]

Bl e [ - [ o =

RN K i

w | n e | 8|2

é | & |d || E

o= [~ |8 |2

EREE -

Ele s e
T EIEEE

o m [~ &=

ERER R

- i

g2 [R [ s

A ERERE

EREREAE K

EIEERE

| m e~ ®

Fle |~ |w|d

e |9 |k |e | &

E|sE|2]|2 |8

LR ERERE

R|IR|&2|% |8

AR

2|8 |<(®]19

R

BE|R|= (23

R

S| @ | v | % o«

e w|a |~ |e

L I I I

- =

HIEREAREE

2 |e |~ |=

é |8 |g |3 |4

s m o |~ |-

s lm R |d]|3

SIEEIEIE

AR

FAHBE

w [ @ [ w | w | "~

ENEIERE

z L = 4 =z

g g = C

> z »

50

40

30

20

10

=10

=20

=30

-40

=50

Figure 4. Yearly and seasonal distribution added values (DAV) of the Iberian Peninsula, between the RCMs and the CMIP5 GCMs for
the 1989-2008 period, taken from the Historical EURO-CORDEX simulations, with the IGD regular dataset as a reference for (a) daily

precipitation intensity, considering the whole PDF shown in the left panels of Figure S3, (b) daily precipitation frequency considering

the whole PDF shown in the right panels of Figure S3, (c) daily precipitation intensity extremes, only considering the values above the

340

observational 95™ percentile shown in Figure S3 left side and (d) daily precipitation frequency extremes, only considering the values

above the observational 95™ percentile shown in the right side of Figure S1. All RCM data were previously interpolated to 0.1° regular

resolution from the observations, while the observations were interpolated into each CMI5 GCM resolution. The thick blue lines separate

the RCMs driven by different GCM.
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which may be a possible reasoning behind the gains found in Fig. 4a for the NOAA-GERICS pair. An importantnote is the fact
that the precipitation variable is not directly linked between the GCMs and RCMs, as only the circulation information is passed
for the dynamical downscaling models.

The next panel displays the precipitation frequency relatively to the whole PDF (Fig. 4b). As with the Hindcast simulation (Fig.
2), the frequency reveals limited gains, but with similar inter-model differences, correlating well with the precipitation intensity
approach. Thus, the overall results for precipitation frequency are lower and closer to 0%. In other words, the negative valuesare
notas expressive, where for instance the losses for the MOHC driven RCMs are slightly less notable in comparison to Fig. 4a. At
the other end of the spectrum, models forced by the NCC GCM still reveal some of the largest added value, albeit lower when
compared to precipitation intensity. The exception is for winter where 6 RCMs display minor and slightly negative DAVs.
Following this reasoning, the other GCM-RCM pairs reveal a similar inter-model variability across Figs. 4a and 4b. The main
reason for the similar behaviour, yet lower results, come from the closer PDFs seen for precipitation frequency in comparison to
precipitation intensity (Figs. S3 and S4) and higher Perkins skill score obtained forthe lower resolutions.

Figure 4c displays the results for the precipitation intensity extremes by considering only the valuesabove the observationa 1950
percentile. Comparingwith the Hindcast results from Fig. 2, some GCM-RCM pairs do display larger added values, while atthe
same time showing a higher DAVs variability. Mirroring Fig. 4a,the NCC forced RCMs reveals a very noticeable added value at
the annual scale, derived from the strong signal found seasonally, particularly for winter. At the same time, 4 RCMs from this
group are highlighted forhavinggains above 30% foralmostallseasons. The other GCM-RCM pairs do not reveal such expressive
added value. Nevertheless, 2 RCMs driven by ICHEC1, 6 by ICHEC2,and all models forced by the IPSL GCMs, display at least
one season with percentages above 20%. From these, 3 GCM-RCM pairs reveal gains superior to 30% for a single season. On the
contrary, the DMI RCM forced by both ICHEC reveals lower gains, namely for spring and summer. Moreover, the IPSL-MR
RCMs display small percentages forspring and even losses for winter, which overshadows the gains found in summerand autumn.
The CNRM driven RCMs reveals 5 modelswith similar percentages found in Fig. 4a. However, CNRM-DMI and CNRM-GERICS
display losses atthe annualscale derived from a noticeable detrimentaleffectfor summerandwinter respectively. The losses found
in extremes hint towardsa lower accuracy forthe RCMs in representing the higher bins. On the other hand, the models forced by
MPI1 show an overall intensification of either gains or losses found in Fig. 4a, meaning that the gains for the whole PDF are
possibly derived from the gains obtained forthe extremes. The same occurs for the NOAA-GERICS pair. As formodels driven by
MPI2 or MPI13, while in the whole PDF the DAVs forthe high resolution are more neutral, for Fig.4c the valuesare more expressive
surpassing 20 % in two situations. Finally, 6 RCMs driven by MOHC reveal added value forthe second half of the year, but with
more modest values forwinter and spring. From all pairs, MOHC-DMI reveals the lowest DAV, particularly for the winter season,
having repercussions atthe annualscale.

The last panel from Fig. 4 shows the precipitation frequency. In this case, the similarity across precipitation intensity and
precipitation frequency are evident as there is a good agreement between Figs. 4c and 4d, although as expected from before, with
more limited DAVs, where the negative valuesare not asnegative, e.g., winter season in MOHC-DMI, and the positive valuesare
notas expressive, e.g., annualand winter season formodels driven by the NCC GCM.

Similar to the Hindcast simulations, a second metric wasimplemented, where all data were interpolated to the 0.1° resolution from
the observations (Fig. S5). The results here reveal an overall higher added value due to the stronger effect in upscaling the
observations in comparison to the downscaling of the low-resolution. The gains are even more evident for both precipitation
intensity and frequency extremes, with percentages well above 100% formodels forced by the NCC GCM at the annualand winter

season. Nevertheless, the DAVs in Fig. S5 correlate well with the results obtained in Fig. 4.
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The next set of figures shows a spatialisation of the DAV metric, where individual PDFs and percentiles thresholdswere considered
for each low-resolution grid point. As with the Hindcast in Fig.3, the spatialisation of the technique allows the emergence of points
with either high positive added value or losses, which would be masked otherwise. Figure 5 displays the results for precipitation
intensity, and overall, important gainsare found forall models, even for those which underperformed at the Iberia Peninsula scale
in Fig. 4a. Nevertheless, it is possible to verify higher added value in coastal areas relative to inland points. This situation also
occurred for the Hindcast simulations and is owed mainly to a better representation of the land -sea circulations. Moreover, RCMs
forced by IPSL-LR, NCC, and NOAA, revealmostgrid pointswith large positive gains, corroborating the results from Fig. 4a.0On
the contrary, the GCMs RCMs pairsthatdisplayed gains notasrelevant asthose listed before all display points with limited values
and sometimessmalllosses forsites in the interior, thus lowering the joint performance. Nevertheless, these pairs reveal substantial
added value, in particular on the Mediterranean coast. Similar to the previous cases, models forced by all three MPI GCM versions
reveal a similar behaviour, with higher gainsin coastalareasand lower valuesin the interior. However, these results contrast with
the DAVs found in Fig. 4a, namely for models forced by MPI2, i.e., when assessing the precipitation at a more local scale, the
gains become even more evident. Lastly, models forced by the MOHC GCM still reveal relevance for the most part, namely for
summerin coastalareas, contrasting with the lower values in the otherseasons. MOHC-ICTP had the overall worst performance,
yet some added value s still shown for points located on the Atlantic coast forwinter, spring, and autumn.

Fig. 6 displays the same results, but for precipitation frequency instead. As expected from the previous cases, the overall gains are
more limited for both the positive and negative percentages. Still, a good agreementwith Figs. 4b and 5 are found. From all GCM-
RCM pairs, 36 models reveal a better performance for most points within the domain for the summer season. Although a good
performance is revealed for most locations for the ICHEC driven GCMs in Figure 5, a widespread small DAVs occurs for
precipitation frequency. IPSL driven RCMs also show relevant gains, atthe annualand seasonalscales, namely over Portugal and
on the Atlantic coast. As for the models forced by the NCC GCM, precipitation frequency revealed smaller DAVS in comparison
to Fig. 5. Only asingle point located over Gibraltar displays a very large added value,above 30% for all seasonsbut summer.
The next figures show the results for precipitation intensity extremes (Fig. 7) and precipitation frequency extremes (Fig. 8). In
comparison to the Hindcast simulations, the results here reveal more spatial variability. Nevertheless, the added value is more
noteworthy for the DAVs spatialisation, rather than for the whole domain (Fig. 4), particularly for precipitation extremes due to
the fact thisvariable is highly localised. In contrast between Figs. 5 and 6, where some differencesarose, the precipitatio n intensity
and frequency extremes (Figs. 7 and 8) reveal a closer behaviour. Similar to the previous cases, since the data is further split up
when assessing the seasons, the DAVs at the annual scale are usually slightly lower. In fact, all models in Figs. 7 and 8 clearly
reveal this nature. Moreover, from all model pairs, only the MOHC, NCC, and NOAA groups display smaller DAVs for points in

the interior, while the other pairs mostly show large gains throughout the entire domain.

4 Summary and conclusions

In this study, the performance of RCMs from the Hindcast (1989-2008) and Historical (1971-2005) simulations is assessed
relatively to their PDFs, by using a distribution added value metric proposed by Soares and Cardoso (2018). This assessment has
the IGD regular gridded dataset observationsasareference, coveringthe entire Iberian Peninsula. To this end,all RCM information
was first interpolated to the 0.1° resolution from the observations, while the low-resolution is assessed at their native resolution.
Two slightly differentapproacheswere considered here, one following a precipitation intensity PDF and the other a precipitation
frequency. Between both, the results reveal very similar inter-model differences, however, a stronger signal is found for

precipitation intensity. Nevertheless, all RCMs reveal a notable added value, particu larly in the representation of extremes, where
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Figure 5. Yearly and seasonal distribution added values (DAV) of the Iberian Peninsula for the Historical (1971-2005) EURO-CORDEX
RCMs, with the IGD as a reference for the daily precipitation intensity, considering the whole PDF. All RCM data were previously
interpolated to0.1° regular resolution from the observations, while the observations were interpolated into each CMI5 GCM resolution.

the global models have more difficulty in describing the higher precipitation rates. This result is expected and shows the im portance
of considering regional models with higher resolution. However, in some isolated cases, the RCMs instead display neutraloreven
a slight deterioration effect. On the other hand, by considering a more local scale in the spatialisation of the DAVs, in particular
for extreme precipitation, very large added values within the entire Iberia Peninsula are revealed. These gains are more relevant
for coastalsites possibly owed to the better representation of the land-sea boundary.

Previous works warned about the uncertainty owed to interpolation procedures (Ciarlo et al., 2020). In a way interpolating the
GCMs to higher resolutions could generate unrealistic values, whereas upscaling the high resolution degrades the spatial
information, affecting primarily the tail end of the distributions (Torma et al., 2015; Prein et al., 2016). To gauge these d ifferences
a second methodology was investigated, where all data were interpolated to the 0.1° resolution from the observations. In this case,

the overall DAVs revealed higher added value. These results hint towardsa stronger effect in the upscaling of the high -resolution
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Figure 6. Yearly and seasonal distribution added values (DAV) of the Iberian Peninsula for the Historical (1971-2005) EURO-CORDEX
RCMs, with the IGD as a reference for the daily precipitation frequency, considering the whole PDF. All RCM data were previously
interpolated to 0.1° regular resolution from the observations, while the observations were interpolated into each CMI5 GCM resolution.

PDF, against the effect of the generation of spurious values when interpolating lower-resolution datasets, not considering local
feedback systemsand the effect that higher resolution topography hason precipitation. Nonetheless, since unrealistic values may
be created, the uncertainty associated to this second approach is higher.

While the DAVs metric allows forquantification of the gains or losses by the downscaling of the global models, no relationship is
found when the same RCM is forced by multiple GCMs. More importantly a strong connection is observed for high -resolution
models driven by the same GCM. The performance of the GCM alongthe regions of lateral forcing for the EURO-CORDEX plays
animportantrole in the ability of the RCMs to downscale precipitation. This study clearly shows thatthe gains obtained fro m the
use of higher resolution RCMs are paramount,notonly owed to finer details in the representation of variables by itself, but also
due to the increased description of orography, and land-ocean-atmosphere feedbacks, which all have important impacts on

precipitation. The added value associated to the higher resolution gives credence to the growing effort to perform increasingly
16
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Figure 7. Yearly and seasonal distribution added values (DAV) of the Iberian Peninsula for the Historical (1971-2005) EURO-CORDEX
RCMs, with the IGD as a reference for the daily precipitation intensity, only considering the values above the observational 95"
percentile. All RCM data were previously interpolated to 0.1° regular resolution from the observations, while the observations were
interpolated into each CMI5 GCM resolution.

higher resolution simulations up to convection permitting scales. However, the inter-model variability supports the need for a
coordinated ensemble of simulations similar to the one of the CORDEX Flagship Pilot Study on “Convective phenomena at high
resolution over Europe and the Mediterranean”. Increasing resolution implies higher computational costs; thus, in the last years
the CORDEX community identified as a majorchallenge the objective quantification of RCM added value in respect to the GCM

forcing. Added value assessmentswill allow the detection of future modeldevelopment needs.

17
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Figure 8. Yearly and seasonal distribution added values (DAV) of the Iberian Peninsula for the Historical (1971-2005) EURO-CORDEX
RCMs, with the IGD as a reference for the daily precipitation frequency, only considering the values above the observational 95t
percentile. All RCM data were previously interpolated to 0.1° regular resolution from the observations, while the observations were
interpolated into each CMI5 GCM resolution.

Data availability

All model and observational datasets are publicly available. The regional and global model data is available through the Earth
System Grid Federation portal (Williams et al., 2011; https://esgf.linl.gov/). The ERA-Interim reanalysis is available at the

ECMWEF portal (https://www.ecmwf.int/). The Iberia01 dataset is publicly available through the DIGITAL.CSIC open science
service (Herrera et al., 2019a, https://doi.org/10.20350/digitalCSIC/8641).
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